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ABSTRACT

NATURAL DRUG RESISTANCE OF HE TEROGEROUS

SINGLE CELL TRANSPLANTS

Tomi.o Yoshida

The Medical Institute of Sasaki Foundation, Tokyo

•Ii

Population analysis of a cancer clone derived

from a single cancer cell was made, using a clonal
trareplant-strain of the rat ascites hepatoma 0 CL-
1-AH-66F. The natural resistance to nitrogen mustard
N-oxide and the chromosomal constitution were studied,
after establishing subolonal tumors from the original
clone CLI-A-66F, The results indicated the .follow-
ing facts: 4
1. The coscer clone it not a uniform but a complex
population of cells with different degrees of drug
resistance,
2, The degree of drug resistance of the orignal clone
and ift subalones varies naturally within a oertain
range during serial passages of them in compatible
hosts*
3, No specific correlation was found between the de-
gree of drwj resistance and chromosomal feature of
the subolones,
4i It was suggested that the variation IN drug re-
sistance of cancer clone In not always asoociated to the
genetic he'terogeneity of cells in the cancer clone*
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t" NATURAL DRUG RESISTANCE OF HETEROGENEOUS SINGLE CELL

TRANSTLANTS - STUDIES ON THE NATURAL RESISTANCE

TO NITROGE MUSTARD N-OXIDV AND CHROMOSOMES

OF CELLS WITHIN A CLONAL CANCER

CELL POPULATION

I. INTRODUCTION

A cancer is a single clinical entity, but there
is a considerable degree of variation among its cell
population. Chromosomal variations have been demon-
strated by many karyologistz. No single chromosome
number is absolutely predominan. in a cancer cell
population. Eveh cells of a single-cell-derived
car..et olne differ from each other in their chromo-
momal features, and stable polyploid clones have
been isolated from predominantly near-diploid cancer
cell populations. 3)

Cells within a cancer differ from eacS other in
their degrees of natural resistance to nitrogen
Mustard N-oxide (1N0 2 N-oxide) and the deZ-eez vary
naturally around a certain level during aniral
passages of that tumor.5) The term "natural re-
mistance" is used Ibere to denote the drug resistance
which the tumor shows at its onset, in contrast to
'#acquired" or "induced" resistance which develops
following repeated contact of the tumor cells with
the drug,

The acquired or induced drug resistance of some
tumors is accrpanied by chromosomal changes of
their 0lls.1 However, the visible chromosomal
change does not always reflect the altered drug rp-
sitance. A iear-tetraploid clone isolated from .,ae

Toshida sarcoma, a predominantly near-diploid tumor
cell population, showed the same degree of re-
esance to nitrogen mustard (HN2 ) as the parental

population. 6)

The present study attempts to demonstrate;
a) whether cellular constitution of e. single-cell-
derived clonal cancer cell pepulation is uniform as
regards the degree of natural drug resistance;
b) whether the degreo6f natural drug reatance
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of the cancer clone varies during animal passages;
and
c) whether any correlation is found between the de.
gree of natural drug resistance and chromosomal
features of cells in the cancer clone.

Il e MATERIAL AND METHOD

le CL-l-AH-66F, a clonal tumor.

A clonal subline tumor of the ascites hepatoma
AB-66F of the ratj, desigiated as CL-I-AH-66F, was
mployed, This alone Was originally established by
transplantation of a single cell of the AH-66F and
then Saintained by serial passages in "Donryu" rats.
2he OL-1-AB.661 showed a uniform growth and 100%
lethal takes in the rats. Morphologically, the CL-
1-AN-661 is a free sell tumor as seen from Figure 1

FAgws 1. Phase-contraet microscopic view of a
sinle-cell-derived cancer clone,
CL-l-A£-66F. Individually isolated
hepatoea cells. 51st transplant* eneraton
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a"d the tumor cells do not zake cell-cluntere or -
bonding in asoitic fluid but they roilferate an
individually isolatod single cell.- The rorn.iztance
to FM2 N-oxide and chromoaeomes of the CL-!-i-66e
were examnined using the aaaitms of the 53rd tranoa
plant generation, Pand every 10th cubsequent trans-
plant generation.

2@ Establishment of vuhalonal tumors from CL-
2.AB.66F.

Single cell traniplantations were carried out,
uuing the asoites of the OL-l-AH.-66F. At the time
of the transplantation, the clone CL-1-AH-66F was
between 51st to 52nd aerial transplant generation.
Tbo aasito inoluding well-proliferated tumor cells
was removed from the rat 4 days after intraperi-
to.eal tranaplantatior with 107 CL-1.A.-66F cells.
2he aaoitee was diluted with a mixture of equal
amount of horee aerus and Hanks' balanced saline
solution to auch a degree that a droplet of this
diluted avcitea might oontain only one nr a few
olls. The dep'eQ of dilution varied with differ-
ent donaity of tumor oel2, in the orii4l tncites,
but it was always over 50,000 times. A droplc ,
confirmed microscopically as inoludiLg only one
cells wao sucked into a glasa vaicricapillary "
the aid of micromanipulator and 4.njectcd intral-
peritoneally into a normal rat. Acoitic fluid of
the injeoted animal was examined every 4 days
after the injection as a rule. When the trans-
plantation was successful and the cell was found
Getive~y multiplying, IO cells were transplanted
into each rat of the groupu carving to examine
natural ~ug resiatanoe and chromosomal features.
A total off100 tingle cll transplantations wa,
carried out,

3. Examination of natural drug resiatance

HN2 N-oxide, methyl-bisf -chloroethylminc N-
=i4e, causes a characteristic cytolcgical effect
cc acites tumor cello. Scattering, coaoulation
and laceration of chromosomes, chrorooom.-bridGe
and foreatton of giant tumor cellz as well as
their necrovis take the majority of the effect.
The thatges are very conepicuous so that the
cha ng were ustd for the determination of gra~e
of resiatane.5) The procedure wanr. av follows.
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The rats bearing the clone CL-1-AH-66F or its sub-
clones, were injected intraperitoneally with vprious
doses of HN2 N-oxide 3 days after trazspia tation
with 107 tumor cells. The injected drug will come
in contact in teie came way with all of tumor cells
floating in ascites. The ascites of injected rats
were microscopically examined for the cytological
effect caused by the drug using Giemsa-stained
smears every 24 hours until 96 hours after the drug
injection. The procedure was repeated and the mini-
mum dose of the drug required to induce the cytolo-
gical effect on one-half of all tumor cells present
was determined and 'esignated as the minimum ef-
fective dose - MED. The MED was represented as
indicator of the degree of natural resistance to the
drug. The larger the MED of a tumor is, the more
resistant to the drug the tumor is, and vice versa.

4. Examination of chromosomes.

Colcicine-treated 4 -day-old tumor ascites of
the orgial clone CL-1-AR-661 or its subclones were
used. Five hours before the ascites sampling, each
of the tumor animals was injected intraperitoneally
with colchicine dissolved in physiological saline,
in a dome of 0.035 mg/kg of body weight. The ascites
obtained was mixed in a test tube with 0.04 aol.
NaC1 solution kept at 37*C. Ratio of the ascites to
the NaCl solution was 1:20. After shaking the tube
vigorously, it was kept at 37*C for about 10 minutes.
The fluid was centrifuged and the supernatant was
decanted. The sedimented tumor material was stained
by additicn of aceto-orcein solution of about 5
volumes of the tumor material, stirring with a glass
rod. A drop of the material was placed on a slide
glas, oovered with a cover slip uader pressure and
sealed with bilsam-paraffin. Fifty well-apead
etaphase plates were observed for each prepwation*

Manification used for the examination was 1,OOCX.
All the observed metaphase chrorosomes were urawn
and photographir recorda were made. The number of
chromosomes wnd thei.r morphological haracteristics
were atudiod.

5. Serial tr nZ;lantntons of the clon ) CL-I-
AR-66F and its subclcnc.

The oririnal clonal tumor CL-I-AH-66F and its 6
subclonal tuxxors have been succeJrivelf trauvplanted

in Donryu rats. The number of inoculated no-I. was
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107 at every transplantation. The 6 subclones usbd
were those with different MED and/or ploidy as de-
scribed later. They were selected from all the sub-
cloves developed by the single cell transplantations.
The MED and chromosomes of these 6 subclones were
studied at every 10th transplant generation and cow-
pared with each other and with those of the original
clone CL-1-AH-66F. Throughout these experiments,
male Donryu rats weighing about lOOg were employed.
The animals are geneta:lly high homogeneous strain
of ratfl-and their susceptibility to the transplan-
tation of CL-I-AH-66F cells was 100%, as stated
above. They were housed in metal cages, 5 to a cage.
The semisynthetic cube diet (CE-2, Central Lab. Exp.
Animals, Tokyo) and water were given ad libitum.

III. RESULT

1 Natural resistance to HN2 N-oxide of clone
CL-1-AH-66F and its subolons.

An ascites tumor developed in 44 of 100 rats
whioh received a single cL-1-AH-66F cel3 intraperi-
toneally. Twenty-eight of these 44 subelonal tumors
were examined for their MEDs. Results of this exami-
nation revealed that 5 types of subelones which
dif.,dred in the MED had been derived from te single
original transplanted cells (Table I). One of the

Table 1

Natural Resistance to HN2 N-oxide of Subclonal.
Tumors from Clone CL-1-A-66F

MED of HN N-oxideNot of cubalones

210.00]
1 5.0 A

11 1.0
12 O0 5
2 0.1

MeelA1-661, parental 0
Oloal cell population 1.0

Examinations: L--AH-66P, 53rd gen.; Sublones,
lst gen.



types of the subclones showed the same MED as the
original clone CL-l-AH-66F, while the remaining 4
types of the subclones had MEDs which were higher or
lower as compared with that of the original clone.
This meann that the clonal tumor CL-l-AII-66F is a
complex of at least 5 kinds of cell regarding the
degree of natural resistancr to HN2 N-oxide.
Therefore, t. drug-sistance of the clone is the
averaged sum of that of all its constitur*:t :with
diffcrent degrees of resistance.

2. Variation in natural resistance to HN2 N-
oxide of clone CL-1-AH-66F and itu 6 subclones
during serial animal transfers.

Repeated examinations for the MED of clone CL-1-
A-66F and its 6 subclonen were performed at differ-
ent transplant generations. Results are indicated
in Table 2. The MED of the parental clone was 1,0

Table 2

Natural Resistance to IM2 N-oxide of Clone CL-1-AH-
66F its 6 Subulones during Serial Animal Passages

MED (mg/cg)
Generation -

1st 10th 20th 30th 40th 50th

Subclono-]. .0.0 5.0 5.0 5.0 0.5 1.0
Subclone-2 5.0 1.0 0.5 1.0 0.5 1.O

bcioie-' 1. o 1.0 1.0 1.0 5.0 0,5

Subclo.o- 1.0 1.C 1,0 1.0 0.5 0.5
Sub(lon;- 0.5 1.O 1.C 1,0 10 0.5
Subclcne-6 O.1 0.5 1.0 1.0 1.0 1.0

mL-I-i -66rCll66 .0 5.0 0.5 1,0 1,0 1.0
parental clone

(gen,) (53) (62) (72) (82) (92) (102')

at the first oxa:niuation, J'tJhouph it v'riud upvards
and down:ardn ,iuring the subsequent 20 paasagen it
settled at the MED level of 1.0 at the latest 30
transplant ,;enorations. The MEDs of more resistant
oubclonos t i.e. Subclone-1 and Subclone..2, decreased
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gradually whereas those of lose resistant ones, ie.
Bubelone-5 and Subolone-6, increased with repeated

- animal passages. The remaining 2 subclones, Sub-
lefoe- 3 and Subolone-4, also varied in their. ND8

. jthreugh the passages. All these subolones reached
1e0 or 0.5 MED level at the 50th transplant gener-
atiou. This means that the MEDs of the original
alone and subclones naturally vary during animal
passages around the MED level of 1.0 of the original
alone and even the subolones whose Es 'deviated at
first far upwards or downwards from the MED of the
original pawental clone showed later the MED level
of the original clone. The range of varimtion was
evidently within the MED levels 0.1-10.0 shown by
different subclones when established from the orig-
inal clone CL-l-AH-66F,

3, Chromosome features of clone CL-1-AH-66F and
its 6 ubclones.

The chromosome numbers of the original clone
and its subclones are shown in Figure 2. A slight

I eL. 1-1WI

"Now".

W~~~~f / $heRl no

Figure 2, Distri ui ofcrmsoenme
66Fandit sI,s ,,,.,

- i Che....ems rn~el
Figure 2-. Distribution of chromosome number

and MED of original clone L-l-AH-
66F and its 6 subolones.

Examinations: CL-I-AH-66F, 53rd gen.; Subolones,
lst gen.

. .



Tarition with the modal peak is seen in the dist.ii
3 bution of Chromosome number. The modal chromosome

ntmber of 4 subolones, i.e. Sibclone-1, Subclone-2,
Sublone-4 and Subclone-5, was 38, a near-diploid
amber; the Same number as that of the original
elone. The modal chromosome number of Subclone-3
was 76, jat double the number of the modal chromo-
sae number of the original clone, while that of Sub-
olone-6 was P7, the number differing very slightly
but distinctly frok the modal chromosome number of
the original clone.

Pigure 3 shows typical metaphase chromosomes

II

ho..,w Iow,..., .. ,,1131N 13

14N~~Jlle 821818.en, . 31
lebdew 3 Tyical~. J(mtaase~a chr mosoesofth

151

heukl~eie. S sII oloe,. IrmosIoe nweaa a r erng.e5

creasein. ength ingroupsftheIIm

ID

igure 3. lTypical metaphaso 'coosomes of the
oigional onie cL-l-AB-66 and its 6aubol ones, chromosomes were arranged
from left to right in order of de-
creasing length in proups of the same4
typs, telocentrie, submeta.- or sub-
teloeentrie, metcentric and n~ute
oneso Narkers are indicated by the
53mbolf * Numbers of chromosomes
are sh6wn in parentheses,

ksmiaations: OM--A-6679 53r'4 genoI Subolones,
lot gon.
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which are moev frequent in the modal regions of the
ic original clone and its 6 subclones. The chromosomes

were classified, according to the location of the
donstriction or size, Lito 4 types, telocentric (T),
metacentric (M), subtelocentric or submetacentric (8)
and minute (m) chromosomes. The length ratio of both
arms of M chromosome ranged from 1:1 to 1'1.3. All
the chromosomes were arranged in the order of do-
creasing size in-groups of the same type. The number
of each type of chromosomes varied slightly even in
the modal idiogram, but the most frequent pattern is
indicated in Figure 3

Morphologically, not all the chromosomes in each
of the present near-diploid tumors could be brought
into pairs. Two kinds of chromosomes. with conspicuous
shape and size were noticed. One of the largest 8
(submetacentric) and one m chromosome, shown by the
symbol 7i in Figure 3, were present in the chromosomes
of the original clone. These characteristio chromo-
somes present "markers" for the chromosomal pattern
of CL-1-AR-66F. The markers were also detected in
each subclone. Subclone-3 cells with doubled the
number of chromosomes of the original clone had 2 of
each marker chromosome.

The chromosome number and chromosomal pattern of
4 subolones, i.e. Subclone-l, Subolone-2, Subolone-4
and Subclono-5, showed complete conformity to those
of the original clone. Therefore# it is evident that
those 4 subclones were derived resepectively from
single cells of the modal area of he original clone.
It is unlikely, however, that Subclone-3 with the
modal chromosome number of 76 is a descendant of a
single polyploid uell of the original hlone. In the
population of Subclone-3 thore are cells of 38 chromo-
somes, though they are lea frequent, which are quite
idertical to those of the modal region of the original
clone. It is difficult to believe that during mitotic
division of % single original tetraploid cell it pro-
duces diploid cells with just one-half the chromosome
composition of the original polyploid. Cm the other
hand, it is a well-known fact that totraploid cells
develop from diploid cells. This would suggest that
the nea-diploid cells in Subclone-3 were not derived
from a near-tetraploid cell of the original clone.
Near-tetraploids predominating in Svbolone-3 could b6
descendants which ocorred during proliferations of the
original transplanted near-diploid cell.

9



The e hzmosom pattern of Bubolonse-6 showed that
a small 8 or M element in lacking comped to the s6t
of 38 chromosomes of the original clone. This typeC of chromosome pattern wad detected in less that 10% in
the original alone of the 3rd pneraticn

An seen from Figure 2, 3 subclonep,Sublone-l,
*ubelene-2 and Subolone-o5, whose chromosomal patternsIwe the same as those of the original clone, differed
JA MXD of 2 5-ezide from the other subolones and
the original alone. Subalone-3 and Subolone-4, which
showed the se MID as the original clae, differed
In ploidyo This means that the chromosomal feature of
tvmers have no special relationsip to their degee of
dr resistance. Subolae- differed In both chromo-
somal pAtern and MUD from its original lone.

4a Variations in chromosomal features and MDsI of clone CL-1-AR-66F and its 6 subolones.

Results of the repeated examinations of chromo-
omes of each tumor line are indicated in Figure 4.

c&. -0#-6 Selcoe-!. Subtite-2 $~e.o-e Sebcotd... l~-S Sclee.6 d..

(1.o) 10.o) (5.0) (1o.s) '0.Sist I01

U J

(0.51 (5.0) (05) (10) 0.~ (1.0) (1.o)

() I .) 0.0) (

( .o ) (1.0)i 0o 0) .

$@@hgrn lmer

eigure 4. Distribution of chromosome number and
MUD of original clase ML-1-AN-667 and

agenerat ion f te ori anal clone*

010 Uneln ibrIdisWetaslngeeaine i rgnlcoe
10m



The modal chromosome number of the original clone was
38 at the first examination as stated already, but a
very slight and temporary shift from 38 to 39 in the
modal number was found 9 passages later, then the
amber again fell to 38 and was stable thereafter.
2he modal chromosome number of Subclone-1 stayed mt
38 for 30 passages but then changed to 73 where it
r-eained through the 50th transplant generation. No
variations were detected in the modal chromosome
numbers of Subclone-2q Subclone-4 and Subclone-5.
Ihe modal chromosome number of Subolone-3 was 76 and
it remained at this level during 30 animal transfers,
but decreased to ?4 at the 40th transplant generation
heore it remained at the 50th transplant generation.

In the remaining Subolone-6 the modal chromosome
0ber wam first 37, but then it rose to 73 at the

10th generation and persisted to the 40th transfer of
this subolone, and then decreased to 72 at the 50th
transplant generation.

Comparative studies of modal chromosome patterns
demonstrated that no maked varia tions occurred in
Subolone-2, Subolone-4 and Subdlone-5 during their 50
p ssages. As to the remaining subclones and the orig-
inal clone, the following findings were obtained.
(1) Original clone, CL-I-A-66F. The shift from 8
to 39 in the modal chromosome number was reflected by
one small 8 or M type chromosome in addition to the
original set of 8 modal chromosomes of the 53rd
transplant generation. The ~aue pattern of 39 ele-
ments was also found in about 8% of the metaphases of
the 53rd generatione. Even when the modal chromosome
number was 39, cells with the original set of 38 ele-
ments were detected in about 25% of the cells and such
calls were in the majority again in later transfers of
the original clone.
(2) Sublona-l. The modal pattern of 38 chromosomes
prsisted during 30 transfers. The modal chromosomes
in the 40th and 30th wenerations showed that T, M and
m elements doubled in number, compared to the original
set, while the number of 8 chromosome& was less than
the exited double number. There was a 2-fold increase
In the 8 and a sarker chromosomes.
(3) Subolone-., The modal chromosome number of 76,
In the first 30 transplant generations was reflected
by the presence of eacb element in just the double the
nvbeor of chromosome as in the erigina clone. The
shift from 76 to 74 was sen with the decrease of
mall a cc N eleme1ts
(4) 8ublone6. the modal umber of chroasomes was

11



3? at first. The modal chromosome pattern in the loth

to the 40 generations revealed almost twice the number1 ' of each type of the 3'? chromosomes with only one de-
flaient small 8 or M4 chromosome. In the 50th t:7ansferl
one more element of small S or M was lost*

The modal ohromosomes of the 6 subclonee of the
30th generation are shown in Figure 5.

CL-1-AN-66Fuaes.aaa33335 (~

131

Figure 5. Typical metaphase chromosomes of the
original alone ML-1-AR-66F and its 6
subolonese Compare with Figure 3 and
note the difference in chromosoal
patterns of Sublone-11 8ubolone-3 and
Subclone 6*

Examiations: O-l.A-66]r, 102nd gea#; Subolosea,
50th goe

Pelygpoi4 calls where occur in the near-diploid
e13 population become the predominant cell type
3osea~awllye Eoever, It seems to be rare that now.

tetragli with exact doubled sets of the original

12



0+ near-diploid chromosomes predominate in a cancer cell
population for long periods of animal passages. As ..
seen in the case of Subelone-3, the observed ploidy
change may be expressed as 2n' -4 4n'-. 4n'-x, when the-
original pattern of chromosomes shown by 2n'. Similar
variations might be possible for the development of
near-tetraploid Subelone-1 and Subclone-6, although
the modal predominance of cells with Just 76 or 74
chromosomes -exact doubling of chromosomes of the
onset of these subolonee, was not encountered by the
present limited number of chromosome eyAminatios at
intervalee

Comparative studies of MEDs and chromosome
features of eqch tumor line at various transfer gen-
orations disclosed that there are no specific corre-
lations between them. The degree of drug resistance
and chromosomal reatures in cancer clone can vary
independently.

5. Growth iharacteristics of clone cL-l-A- 66F
and its 6 subelones.

Transplantability and host survivr', time of
these clonal and subelonal tumors showed a considerable
similarity (Table 5). The incidenne of lethal "takes"

Table 3

Tranaplantability and Survival Time of
Hosts of CL-1-AH-66F and its 6 Bubolones

Tumors Generations Recipients time in days
No. of ae 'tme d yS.

CL-1-AR-66F 53-102 98 98 100.0 9
Subolone-i 1-50 98 98 iO0.0 9
Bubolono-2 1-50 96 96 100.0 9
Auboaan:o 1.'50 94 94 100.0 9

9ubolone-2 IM5O 93 93 1000 9
604=4-3 1-50 97 9? 100.0 9
Subolono-6 1-50 96 96 io0.0 io

was 200% far each tumor line. Median survival time
of the hats m 9 days for the original clone and
tar the 5 nubaloneso while the survival time of the

13
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C' remaining Subolone-6 was 10 days. Any significant
differences in the survival time were not detected
before and after chronosomal changes of Subclone-l
and Subolone-6. The ascitic picture of each tumor
Mae was alse quite similar. It was characterized
by individul proliferating tumor cells, however,
the *1n of the living tuaer cells varied with the
o11 atrain.. Cells of near-to traploida such as
Bubelene4., Bubolone-3 and Subolone-6, were larger
than those of neer-diploido, ice. the original clone,
hbolono-20 Subolone-4 and Subclone-5 (Table 4).

Table 4

Diameter of Tumor Cells

Diameter in p

OL-1-AN-667 14 + 1,3
(o ig. clone) .1_ .

Subelcne-l 16.9 ± 04
Subolono-2 ± 6 ,
ubelone 18.0 + 1.5

Subclone4? 13.5 + 1.1
Subclone-5 14.7 ± 1.1
Subolone-6 17.4 ± 1.4

Nsaaured on living 100 cells of
fresh 4-day-old ascites in a
chamber with a depth of 0.1 -,
olg NIXON tlar-m arometer.

Se selte. of each tumor ime vas accompanied by
beamt sp ully5 day after the intrapeitoneal

tpiaataucm ne small loai Invasifes In vaulm
puuAteeu tieso were naeeepaeal dotooted.,
kltant tstasos were fretuent3 see in the sadi.
est"Im I1k Uobi and eemtotme ia the 1Mp. so

d - teerasoe could be fund In the esoldeaeo
NWFdsOof loosi lavesics and aetastasee of te

No

A'



IV. COMMENT

The present study shows the cellular variability
of a single-cell-derived cancer clone. This can be
oonoluded from the fact that cells of a clone differ
from each other in their natural resistance to RN2 N-
oxide, Therefore, the drug resistance of the clone
In the averaged sum of that of all its constituents
with different degrees of resistance. It is said
that comparable and chroosonally-different cancer
clonee differ from each other in thyir physiological
and iinunologioal characteristics. However, it was
ispeos.ble in this study to find out any clear corre-
lation between the degree of natural resistance to
112 N-oxide and chromosomal features of the present
subclones; IMD varie"' even if the chromosomal feature
was the same and vice versa, the MED was similar when
the ploidy was different.

"I The drug resistance and chromosomal constitution
during serial animal passages of the original clone
and its subclones in compatible rats were examined
repeatedly. The results showed that the RN2 W-oxide
MD varied within a aertain range but there was a

tendency for the high or low HD to approach that of
the modal MED of the original clone. Thus, the var-
lation in RN2 N-oxide resistance could not be the
reslt of a stable, genetic change of cells but of a
physiological or adaptive change* Occurrence of
varied HIDe may be explained as the result of vari-
ation of the frequency ratio of the cells with fluotu-
ated and different resistance in the clonal and sub-
elonal populations durine animal pasnages.

It was also demonstrated that the shift from
the near-d.ploid to the near-tetraploid in chrcuo-
amses occurred in 3 subolones. The ploidy variation
eould be exprt ed ae 2n' .# 4n' -t 4n'-x. Similar
variatipe have been observed in different rat "cites
tumrs." During animal passages of the original
eleaei a allot shift ws found to the iodAl mbromnb
seas number, this change was traaeieat, honever, r-.mtls back to the er 4c- nal numbers

Gmserallyo it an be "eId that near-tetraploid
tasw e1l aris trea s aea-di;l6d tmor sells and
Seas Al the pepolds pbebinaate the tuer Cell
epo.lattes La eestam hsts, This Pbenaena, so tar

em observed l mowl Is a stable ahange during seli-
al taasplast genraUets, although sliot variatos
In the remes number ftre 4a, were tound. It ms



difficult to ascertain the significance of these
changes on inheritable characteristics of these ma-
lignant cells, On the other hand, the transient
slight variation in the modal chromosome number in
the CL-1-AH-66F clone waa an interesting fact. Its
mode of apperance or significancer can not be ex-
plained, although it may be due to the development
of variant with higher growth advantage. Another
possibility may be that the change was the result of
altered host conditions. Of course both mechanisms
may not be mutually exclusive. Similar dxplanations
may be required for the Zact of e3tabli .ment of
Subclone-6 with the modal chromosome number of 2n'-l,
37, from the original clone with the modal chromosome
38.

No significant differences were detected in
general biological characteristics such as transplan-
tability, life span of hosts, local invasion, me-
tastatic ability, etc., among the original clone and
its subolones,

V. SU)O(ARN MD CONCLUSION

Population analysis of a cancer clone derived
from a single cancer cell was made, using a clonal
tran.3 lant-strain of the rat ancites hepatoma, CL-
1 A 66F. The natural resistance to nitrogen mustard
N-oxida and the chromosomal constitution were studied,
after establishing subelonal taors from the original
clone CL-1-AM-66P. The results indicated the follow-
ing facts:
1. The cancer clone is not a uniform but a complex
population of clls with different degrees of drug

iesetanee.
2. Te dopee of drug resaistamne of the original clone
and Its subalones varies natuwally within a certain
ragduilng serial pssages, of them In epatible

Jo epeifie oorrelatioa usa found -etwen the 4.-
p.e of drug resistance and chromceosal feature ofthe subelesee.
ko It was suggested that the variable drug resistance
of conoer elone is not always associated to the ge-
orloe heterogeneity of cells in the cancer clone.

16
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